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SYSTEM AND METHOD FOR SCALING 
VIDEO 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to data processing 
systems. and. in particular. to scaling of video in a data 
processing system 

BACKGROUND OF THE INVENTION 

A rapidly emerging multi-media application in the per 
sonal computer arena is the joint display of full-motion 
video along with conventional graphic applications. For 
example. a user may wish to display a window of video 
(from a VCR or camera) along with a window containing a 
spreadsheet application. Users of currently available 
graphical-user interface (GUI) operating systems expect to 
be able to re-size the video window to any arbitrary size. and 
expect the horizontal and vertical dimensions of the window 
to be fully independent. They may want the window to be 
very small. so that they can glance at it while working on 
another application. or they may want it to be full-screen 
size so that it is the focus of their attention. 
The source of this video may be a “live" image from a 

device such as a camera or VCR. or it may be a decom 
pressed image from a software or hardware decompressor. In 
any case. the video source will be a ?xed size (160 hori 
zontal pixels by 120 vertical pixels. for example). For the 
reasons indicated above. the user will want to be able to 
re-size (scale) the video stream to match the desired window 
size on the display (640 horizontal pixels by 480 vertical 
pixels. for example). The input stream may be smaller than 
the desired output size (scale-up needed). or it may be large 
than the desired output size (scale-down needed). This need 
to be able to scale a video stream to an arbitrary larger or 
smaller size is the problem that this invention solves. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to provide an 
improved system and method for scaling a video image by 
generating coe?icients in both the vertical and horizontal 
directions as a function of an area weighted average of the 
contributions of input pixels to output pixels in both the 
vertical and horizontal directions and as a function of a 
scaling ratio of input pixels to output pixels in both the 
vertical and horizontal directions. then multiplying inputted 
pixels of a video image with the coefficients generated in the 
vertical direction as a function of an area weighted average 
of contributions of input pixels to output pixels in the 
vertical direction and this multiplying step resulting in 
vertically scaled pixels. and then multiplying these vertically 
scaled pixels by the coefficients generated in the horizontal 
direction resulting in vertically and horizontally scaled pix 
els. 
The present invention performs a scaling up function by 

essentially logically doubling the inputted pixel image 
through either interpolation or duplication and then scaling 
down this logically scaled-up image to the desired pixel grid 
size using the above described technique. 
The present invention preferably performs the scaling 

down and scaling up functions in both the vertical and 
horizontal directions independently. 
A preferred embodiment of the present invention is imple 

mented in a data processing system including a processor. a 
storage device. and an input/output means including a dis 
play device. 
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2 
The foregoing has outlined rather broadly the features and 

technical advantages of the present invention in order that 
the detailed description of the invention that follows may be 
better understood. Additional features and advantages of the 
invention will be described hereinafter which form the 
subject of the claims of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

For a more complete understanding of the present 
invention. and the advantages thereof. reference is now 
made to the following descriptions taken in conjunction with 
the accompanying drawings. in which: 

FIG. 1 illustrates a representational scheme for sealing 
down a ratio or 2:1; 

FIG. 2 illustrates a representational scheme for scaling 
down 4:3; 

FIG. 3 illustrates a representational scheme for sealing 
down 4:3 in one dimension; 

FIG. 4 illustrates a logical block diagram of a Z-Engine; 
FIG. 5 illustrates various scale down pixel overlay cases; 
FIG. 6 illustrates a hardware con?guration for scaling 

down video; 
FIG. 7 illustrates pre-replicated and pre-interpolated pixel 

streams; 
FIG. 8 illustrates logical pixel coe?icients for pre 

replication and pre-interpolation; 
FIG. 9 illustrates overlap of logical pixels in pre 

interpolation; 
FIG. 10 illustrates coefficient generation with two chained 

Z~Engines; 
FIG. 11 illustrates pro-replication overlay cases in one 

dimension; 
FIG. 12 illustrates pre-interpolation overlay cases on one 

dimension; 
FIG. 13 illustrates a hardware con?guration for coe?icient 

interpolation/reduction; 
FIG. 14 illustrates a hardware con?guration for vertical 

accumulation; 
FIG. 15 illustrates a hardware con?guration for horizontal 

accumulation; 
FIG. 16 illustrates a hardware con?guration of converged 

scaling data ?ow for scale down and scale up; and 
FIG. 17 illustrates a data processing system for imple 

menting the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

In the following description. numerous speci?c details are 
set forth such as speci?c word or byte lengths. etc. which 
provide a thorough understanding of the present invention. 
However. it will be obvious to those sldlled in the art that the 
present invention may be practiced without such speci?c 
details. In other instances. well-known circuits have been 
shown in block diagram form in order not to obscure the 
present invention in unnecessary detail. For the most part. 
details concerning timing considerations and the like have 
been omitted inasmuch as such details are not necessary to 
obtain a complete understanding of the present invention 
and are within the sln'lls of persons of ordinary skill in the 
relevant art. 
Area Weighted Averaging 

In a video scaling down process. an array of pixels is 
mapped onto a smaller array. The idea of a weighted average 
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scaling scheme is for the output image to contain a good 
representation of the original (input) image. and to do so. the 
luminance and chromaticity of each area in the input image 
is represented in the same proportion in the output image. 
Weighted Average 

Equation 1 shows the weighted average of two values. X 1 
and X2. X1’s coe?icient. or weight. is W1; X2’s coe?icient is 
W2. The weighted average of these two variables is their 
weighted sum divided by the sum of the weights. 

w1~X1+WrX2 (1) 
WA : (W1 + wz) 

And in general. for n values 

2 w.- - X.- (2) 

W" = T 

This general framework can be applied to scaling pixel 
images. In Area Weighted Averaging a scaled (output) pixel 
is formed by averaging input pixels. each weighted by the 
area of the input pixel which contributes to the output pixel. 
Given a regular mxm pixel grid Q. overlay an nxn pixel grid 
Pwhere n<m. For each pixel Q in the nxn array compute a 
weighted average of the underlying pixels Pi from the mxm 
array. The weighting coefficients of the calculation are 
proportional to the area of the m><m pixel grid overlaid by 
the pixel from the n><n grid. 

x w.- - P,- (3) 
l 

For this discussion, assume a gray level image with each 
pixel in the range O-R (e.g.. 0-255). The algorithm and the 
present invention is easily generalized in color. The algo 
rithm manipulates the luminance of pixels. For now. assume 
isotropic scaling; later it will be generalized to non-isotropic 
scaling. Scaling will be in ?xed integer ratios. 
Image Scaling with Area Weighed Averaging 

Referring to FIG. 1. shown is an example wherein in 
scaling down 2:1 each output pixel Q1 is formed by aver 
aging 4 input pixels (P1. P2. P3. P‘). 

1 = ———-—4-———— 

In this case all input pixels are weighted identically. When 
the scale factors are not evenly divisible. weighting coeffi 
cients vary. being proportional to the area of the input pixel 
that contributes to an output pixel. 

FIG. 2 shows 4><4 input pixel array 201 and 3x3 output 
pixel array 202. In this example. 4X4 pixel array 201 is being 
scaled down to 3X3 pixel array 202. Graphic 203 shows the 
way this problem is visually represented. Here. 4x4 grid 201 
is overlayed by 3X3 grid 202. with alternate pixels shaded in 
the output array 202. In this representation. the sizes of the 
output pixels look larger than the sizes of the input pixels. 
but this is an artifact of the representational scheme. This 
representation is used to clearly show how more than one 
input pixel contributes to the information in one output 
pixel. 

This weighted average is shown in the ?rst line of the next 
set of equations. Q1 is the weighted average of the contrib 
uting input pixels. normalized so that the output pixel 
lurninances are in the same range (R). as the input pixel 
luminances. The coe?icients in the numerator are propor 
tional to the area. The denominator is a constant which 
normalizes the sum. The following equations convert the 
fractional area weights (e.g.. ‘A. ‘4) into a form with lower 
computational complexity. It is this form of the weighted 
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4 
average calculation that will be used in later discussions. 
The weighting coe?icients. of course. depend on the scaling 
factor. 

ll 

Scaling in One Dimension 
In FIG. 3. there is shown a one-dimensional mapping of 

four pixels to three. Each output pixel. thus. is computed by 
calculating the weighting coe?icients of the contributing 
input pixels. These coe?icients can be derived from a Linear 
Congruent Sequence. Equation 6 shows the general form of 
the Linear Congruent Sequence. 

This representation. however. by de?nition restricts the 
range of the values from 0 to 0-1. To change the range of the 
values. a variation on this sequence has been developed. so 
that the values can range from 1 to m. In this application. In 
and n are the scale factors. In scaling down an image. scale 
from In to n (e.g.. from 4 to 3). 

where 

b=(n) and t=m 
and 

This equation generates a series of terms from which can 
be derived the weighting coe?icients for each input pixel. 
This form of the Linear Congruent Sequence is called the Z 
sequence. The Z sequence is a function of m and n. Consider. 
for example. the Z sequence for scaling from m=4 to n=3: 
Z(4:3)=4l2341234... 

from which the following coe?icient pair sequence can be 
generated: 

(3.0 1.2 2.13.0 3.0 1.2 2.13.0 3.0 . . . ). 
The minimum non-repeating length of the Z sequence is 
given by 

fl 

wherein LCM (m.n) is the least common multiple of m and 
n. 

Weighting coe?icients can be directly calculated from the 
Z values by the following: 

2. for z.- < n (9“) 
c1 = 

n fm'ZiEn 

The algorithm uses the Z value as a decision variable in 
generating the weighting coe?icient pair. C1. C2. It will also 
be necessary to know how the input pixel is aligned with the 
output pixel(s)—whether this pixel begins a new output 
pixel (PB). ends an output pixel (PE). or is split between two 
output pixels (PS) ?nishing one output pixel and beginning 
another. These ?ags are also derived from the Z decision 
variable. These ?ags are used to steer the weighting calcu 
lation. The Z algorithm therefore supplies all the information 
needed to perform the area weighted averaging calculation. 



5.790.714 

For an overview of the implementation of the Z-Engine. 
refer to FIG. 4. The inputs to the Z-Engine are the required 
scale factor and the previous Z decision variable Zin. The 
outputs of the Z-Engine are two weighting coe?icients (C1 
and C2). three pixel alignment ?ags (PB. PS. PE). and the 
next Z decision variable Zout. The Z-Engine implements 
Equations 7. 9a. 9b and 10. 

Application To Rasterized Video 
The Area Weighted Averaging Calculation 

In a real-time sampled environment. the form of Equation 
3 is not appropriate. In Equation 3. a single output pixel. Q,-. 
is computed as a function of multiple input pixels. Pi. In the 
rasterized environment. however. the multiple P’s are not 
available simultaneously. Because the information is 
scanned. line by line. the information is available as a 
continuous string of Ps. In the sampled environment. the 
algorithm must handle each input pixel. P. once and only 
once. Thus. instead. each input pixel’s connibutions to those 
output pixels it in?uences are calculated. 

Referring next to FIG. 5. in one dimension. when scaling 
down. there are four ways for a given input pixel to map onto 
the output pixel stream. An input pixel can begin a new 
output pixel (i). contribute to a pending output pixel (ii). 
?nish an output pixel (iii). or can be split between two output 
pixels. ?nishing one and beginning a second (iv). In 
addition. in the pass through case (scaling 100%) each input 
pixel is mapped 1:1 to each output pixel (v). 
The Z-Engine generates two coe?icients (CLCZ); the 

weighting calculation generates two partial pixel weightings 
(K9.K10) from these coe?icients and the input pixel. 

Since at most one input pixel can contribute to two output 
pixels (?nishing one and beginning another). the following 
accumulation algorithm (Equations 12-15) requires a single 
pending accumulator (A) and a single result accumulator 
(Q’). The one-dimensional accumulation algorithm is steered 
by the pixel alignment ?ags (PB. PS. PE). A valid completed 
pixel is indicated by the valid ?ag. 

Q _ Kl +A ifP_B (12) 

_ Kl otherwise 

K2 ifPS (13) 

A = x1 +A else ir? 

Kl otherwise 

Valid = PSIPE (14) 

(15) ea 
PSIPE is the logical or of the pixel split (PS) and pixel end 

(PE) ?ags. N is the factor to normalize the result to the input 
range. Q' is the result accumulator (before normalization) 
andAis the pending accumulator. PE is the logical not of the 
pixel begin ?ag (PB). 
Extension to Two Dimensions 

While it is possible to generate weighting coe?icients and 
perform the weighting computation in two dimensions 
directly. when the algorithm is later extended to scaling up 
it is more compact to perform the scaling in each dimension 
separately in two stages. Pixels are ?rst processed vertically. 
then the vertically weighted pixels are passed on to be scaled 
horizontally. 
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6 
For each dimension a separate Z-Engine is needed. The 

horizontal Z-Engine will iterate for each pixel on a line. 
resetting at horizontal retrace. The vertical Z-Engine will 
iterate for each line of a ?eld. resetting at vertical retrace. 
The two Z-Engines will generate separate weighting coef 
?cients (CIV. CZV and C1 H. C2”) and separate pixel align 
ment ?ags (PBV. PSV. PEV and PB”. PS H. PE”). Note that 
for all pixels on a given input line. the vertical coe?icients 
and ?ags are constant. 
To perform the vertical computation it is necessary to save 

and accumulate partial pixel data for each pixel of an input 
line. requiring a one line cache as wide as the widest input 
pixel line. The cache is a vertical accumulator for each input 
pixel. The vertical section performs the vertical weighting 
calculation (Equation 11). retrieves pending partial pixel 
data from the cache (R). stores updated partial pixel data 
back to the cache (W). and passes ?nished (vertically) pixels 
(Pv) on to the horizontal section. Note that for input lines 
which are split between two output lines (PSV) the cache is 
both read and written for each input pixel on that line. 

K9 + R if m (16) 
PU: 

K9 otherwise 

K10 if PSv (17) 

W: K9 + A else if m 

K9 otherwise 

Validv = PSVIPEV (1s) 

The horizontal section accepts completed pixels from the 
vertical section (Pv). performs the weighting calculation. 
and outputs valid normalized. completed pixels. 

[K1 K2] = [c1H 02H] x Pv (19) 

K1 +A arm (20) 

_ K1 otherwise 

K2 ifPSg (21) 

A = K1 + A else rm 

Kl otherwise 

_ (22) Q “g? 
= Validv & Valid" = (PSvlPEv) & (PSHIPEH) (23) 

FIG. 6 shows an overview of the Scale-Down architec 
ture. This diagram shows the data ?ow for the algorithm for 
sealing down. Inputs are the horizontal and vertical scale 
factors (ml-I. nH. mV. nV) and the pixel input stream Pi. For 
each line of the input Pi . vertical coe?‘icient generator 601 
generates two vertical weighting coe?icients (Clv and C2‘) 
and the relevant vertical pixel alignment ?ags as described 
with respect to the Z-Engine illustrated in FIG. 4. For each 
pixel on this line. horizontal ooe?icient generator 602 gen 
erates two horizontal weighting coe?icients (C1,, and C2") 
and the relevant horizontal pixel alignment ?ags as 
described with respect to the Z-Engine illustrated in FIG. 4. 
The incoming pixel Pi is ?rst multiplied in vertical multiply 
circuit 603 by the two vertical weighting coe?icients to 
generate two partial pixels K9. K10 (Equation 11). Vertical 
accumulator 604. steered by the alignment ?ags combines 
these with pending partial pixel data from cache 605 (if any) 
and then updates the cache (if necessary) with pending data 
for the next line and passes the vertically completed pixel 
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(PV) data to the horizontal section (Equations 16-18). This 
data is then multiplied in horizontal multiply circuit 606 by 
the two horizontal weighting coe?icients to generate two 
more partial pixels K1. K2 (Equation 19). Horizontal accu 
mulator 607. steered by the horizontal alignment ?ags. 
combines these with its pending partial pixel data (if any). 
stores pending data (if necessary) and when ?nished. outputs 
a completed output pixel Q (Equations 20-23). 

Scaling Up 
Scaling Up Strategies 
Two strategies are employed for scaling up based on the 

idea of ?rst doubling the input pixel stream to 200% and 
then applying the scale down algorithm This pre-doubling 
can be via either simple replication or linear interpolation. 
Actually doubling the data stream (in two dimensions) 
would require four times as many computations; instead we 
logically double the data building the pixel interpolation or 
replication into the coef?cient generation. 
We distinguish between logical input pixels which are 

never actually generated in the algorithm and the real input 
pixels which are operated on by the algorithm. 

For example. (in one dimension) scaling up to 150% 
would be equivalent to doubling 2 pixels to 4 and then 
scaling the 4 intermediate pixels to 3. which is referred to as 
224:3 scaling. Equations 24a-c show the weighting calcula 
tion of scaling the pre-interpolated pixels; Equations 25a-c 
show the weighting calculation after moving the interpola 
tion into the coel‘?cients. 

Moving the interpolation into the weighting coef?cients 

Generating Coe?icients 
The scaling down algorithm examines one input pixel at 

a time. For scaling up with pre-replication (in one 
dimension) we must evaluate two logical pixels for each 
input pixel; the actual input pixel and the replicated pixel. 
For scaling up with pre-interpolation we must evaluate three 
logical pixels for each input pixel; the actual input pixel and 
the two adjacent interpolated pixels. FIG. 7 shows logical 
pre-interpolated and pre-replicated pixel streams. 
The Z algorithm generates two coe?icients for each 

logical input pixel. For pre-replication. with two logical 
pixels this is a total of four coel?cients for each input pixel. 
For pre-interpolation this is a total of six coel?cients. FIG. 
8 shows a naming convention for these coe?icients. which is 
utilized hereinafter. 
Whereas for scale down and scale up with pre-replication 

there is no information overlap between logical pixels. with 
pre-interpolation each logical interpolated pixel overlaps 
with the next interpolated pixel (FIG. 9). Note that the 
coe?icients e and f are identical to the previous pixel’s c and 
d coe?icients. 
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8 
Referring to circuitry 1003. 1004 in FIG. 10. to generate 

the coe?icients for pre-replication and pre-interpolation two 
chained Z-Engines 1001. 1002 (similar to the one in FIG. 4) 
are used which together iterate once for each input pixel. The 
two Z-Engines generate two coe?icients each (a.b and c.d). 
In addition. the previous c.d values are saved as the next 
pixel‘s e. f coe?icients. The inputs on the left are the scale 
factor term 11. the 20 initial Z value and the inherited Z value 
of the previous pixel (ZH). When scaling down. Z-Engine 
1002 and the entire lower section is not utilized When 
scaling up. the output Z value of Z-Engine 1001 is passed to 
Z-Engine 1002; the output Z value of Z-Engine 1002 is the 
value used as Z,._1 for the next pixel. Each Z-Engine 1001. 
1002 generates a pair of coe?icients and a set of alignment 
?ags. In addition. there are latches to copy c.d and PS2 to e. 
f and PS3. 

Z-Engine 1001 generates the coe?icients a.b and the ?ags 
PB 1.PS1.PE1. Z-Engine 1002 generates the coefficients c.d 
and the ?ags PBZPSTPET For pre-interpolation the eoe?i 
cients e. f are inherited from the previous pixel’s c.d 
coe?icients and PS3 is inherited from the previous pixel’s 
PS2 ?ag. (For pre-interpolation PE,5 is not required and the 
PB3 is trivially equal to PBZ.) 

Referring to FIG. 11. in one dimension. when scaling up 
via pre-replication. there are six ways for a given input pixel 
to map onto the output pixel stream An input pixel can map 
to a completed output pixel and begin a second pending 
output pixel (i); ?nish a pending output pixel and begin a 
second pending pixel (ii); and (iii); ?nish a pending output 
pixel and complete a second pixel (iv); ?nish a pending 
output pixel. map to a second completed pixel and begin a 
third pending pixel (v); and be mapped to two output pixels 
in the 200% case (vi). 

Referring to FIG. 12. in one dimension. when scaling up 
via pre-interpolation. there are eight ways for a given input 
pixel to map onto the output pixel stream. An input pixel can 
?nish an output pixel. and begin two pending pixels (i). (iii) 
and (iv); ?nish an output pixel and begin one pending output 
pixel (ii); ?nish two pending output pixels and begin one 
pending output pixel (v); ?nish two pending output pixels 
and begin two pending output pixels (vi); and ?nish one 
pending pixel. complete a second and begin a third pending 
pixel in the 200% case (vii). In addition. to these basic eight 
cases. there are two additional boundary conditions at the 
edge when the previous interpolated pixel is unde?ned (viii) 
and (ix). 
Coef?cient Reduction 

Rather than employ four or six coefficients in the weight 
ing calculation we interpose a coe?icient reduction step 
between the logical coe?icients and the weighting calcula 
tion. This step reduces the four coefficients in pre-replication 
to three and reduces the six coe?icients in pre-interpolation 
to four. Coe?icient reduction combines associated logical 
coe?icients by summing together those logical eoe?icients 
which contribute to a common output pixel. For example. in 
pre-replication overlay case (i): c1=a+c. The pixel alignment 
?ags are used to determine the pixel boundaries and thus. 
which coei?cients to sum. 

otherwise 

ifo’sr & PS1) (27) d m.{ (b+c) otherwise 










